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Abstract—Nowadays the WSN (Wireless Sensor Network)
implemented in different domains such as environment, medical,
military, etc. At the same time, the WSN has some limitations,
among them and the major one is the energy resource and
limitation in the battery’s lifetime due to the fact of the small size
of the sensor node. The clustering is the most efficient method for
increasing the network’s lifetime which most routing protocols
based on it and LEACH (Low Energy Adaptive Clustering
Hierarchy) is the first energy-efficient clustering hierarchical
routing protocol. This clustering programs choose randomly the
CH (Cluster Head) and just if the sensor node has a few energy.
Thus in LEACH transmission, every CH sends data immediately
to the BS (Base Station), so they consume more energy that
decreases the network lifetime.
In this paper, we propose a new approach based on LEACH
protocol that purpose to extend the network’s lifetime by bal-
ancing the energy of sensor nodes. Our model allows to chose
CHs according to the current energy. Thus, data archives the BS
by multi-hop method.
Index Terms—WSN, Clustering, LEACH, residual energy,
network lifetime, distance
I. INTRODUCTION
Recently, WSN becomes an emerging topic in scientific re-
search and it becomes increasingly omnipresent. It is an ad hoc
network of hundreds of micro-sensors deployed in large area
any-place in the environment. This micro-sensors include four
units, detection data from the environment, processing unit,
wireless communication, and power unit (usually a battery).
The small size of the sensor node battery imposes a major
problem in WSN that influences the network lifetime. To solve
this constraint, routing protocols are one of the most solutions
have appeared.
LEACH is one of the famous energy-efficient hierarchical
routing protocol, that divided network into numerous clusters
which collect data from cluster members, aggregate them, then
send to the BS [1]. In this paper, we first present a synthesis
of the LEACH protocol and its improved algorithms, then we
propose a model of our new protocol based mainly on the
residual energy, distance to the BS and multi-hop method.
This document is orderly as follows: Part II presents a review
of past researches. The proposed model was introduced in
part III. Part IV discusses a discussion between the proposed
protocol and the present one. Finally, Part V concludes the
article.
II. REVIEW OF PAST RESEARCHES
A. LEACH (Low Energy Adaptive Clustering Hierarchy)
Heinzelman et al. [2] proposed a Low Energy Adaptive
Clustering Hierarchy (LEACH) for WSN. This protocol
provides a conception of clusters. In every cluster, it elected
a sensor node as a CH and the rest of cluster nodes become
normal nodes which gather data from the environment then
send it to the CH, the CH is responsible for collecting
information from other cluster members, compressing it and
sending it to the BS [1].
Each round in LEACH is characterized by two states: cluster
set-up phase and steady phase. The decision to be a CH
in the set-up phase comes back to the node by choosing
a random value between 0 and 1. If the value is less than
a threshold value T (n) defined by equation (1) this node
will be a CH in the next round, else it turns into a normal node.
T (n) =
{
P
1−P∗(r mod(1/P )) , n ∈ G
0 otherwise
(1)
Where P introduces the percentage of the CHs in the network,
the number of the current round is presented by r; G presents
the collections of the nodes that have not yet been CH in the
last 1/p rounds.
Fig.1 presents the architecture of LEACH protocol.
Fig.2 presents the energy consumption of the radio module to
send an s bit to remote receiver d meter.
Where Eelec is the energy consumption of the transmitter
to transmit or to receive the signal and Eamp is the energy
consumption of the amplifier.
In clustering routing protocols, the CH consumes more energy
than normal nodes due to the fact that it collects the informa-
tion, merges it and sends to the BS which is too far away.
So it has to choose the CHs, also LEACH algorithm is based
on the single hop process between CHs and BS no matter the
distance and the current energy of these CHs, which influences
the network lifetime.
Fig. 1. LEACH protocol architecture [2].
Fig. 2. Radio model.
B. V-LEACH [3]
V-LEACH presents an enhanced algorithm of the hierarchi-
cal LEACH protocol that draws a new organization where the
normal node gather a physical quantity from the environment
and transmits it to the CH, this last aggregated the data
received from cluster members and forwards it to the BS and
vice- CH is the component that is turn out to be a CH in case
of death of the primary CH [4] [5] [6].
The creation of a vice-CH in WSN enhance the LEACH
algorithm, but the adoption of the single hop and that vice-CH
only replaces the CH after its death and does not replace the
other nodes impact on the network lifetime.
C. E-LEACH [7]
E-LEACH protocol is used to improve the CH selection
algorithm. The main objective of this algorithm is to avoid
the nodes with less residual energy while keeping nodes with
greater current energy. E-LEACH allows picking a root sensor
node with the highest residual energy. [7].
The E-LEACH protocol is based on the residual energy to
determine the optimal way to the BS, although it does not
take into consideration the distance to the BS.
D. Energy-LEACH and Multihop-LEACH
Xiangning et al. [8] have proposed two improved protocols
of LEACH as Energy-LEACH and Multihop-LEACH. Energy-
LEACH enhances the method of selection of CH, it takes into
account the residual energy after the first round. Each node
calculates its residual energy, some nodes with more residual
energy are transformed into CHs while the rest transforms
into normal nodes [9]. The multihop-LEACH protocol has
been proposed to enhance the communication between the CH
and the BS by selecting the nearest CH at the BS, that will
aggregate the data of the rest of CHs [9].
Energy-LEACH protocol improves the procedure for selecting
CHs, it takes into account the residual energy of the node,
but it does not take into account the distance between the
CHs and the BS, each CH communicates with this last any
distance and based on the single-hop which increases the
energy consumption. Contrary to Multihop protocol which
uses multi-hop process between CHs, but this protocol doesn’t
take the residual energy, the root CH may have low residual
energy.
E. LEACH-TLCH(LEACH Protocol with Two Levels Cluster
Head)
The LEACH-TLCH protocol serves to elect a node with
maximum energy in each cluster as a secondary CH at the
next round if the mainly CH has residual energy less than
average energy or distance to the BS is more than average
distance. In that case, the secondary CH collects data from
cluster members, aggregates it then sends it to the CH. In
contrary, the CH is responsible only to send the information
received to the BS [1]. On the other hand, while the current
energy of the CH is more than the average energy and the
distance to the BS is less than the average distance, so this
cluster does not need to select a secondary CH [1].
One advantage of the LEACH-TLCH protocol is that it deals
with the problem of residual energy of the CH. Another
advantage of LEACH-TLCH protocol is that taking the dis-
tance to the BS into consideration. However, randomly cluster
formation and reliance on single-hop process impacts the
network’s lifetime.
III. THE PROPOSED MODEL
Some nodes in WSN deplete their energies previously than
others due to dynamically and random picking of CH, because
the CH gather numerous packets from cluster members and
aggregates them then sends to the BS. So it consumes more
energy than a normal node. Thus communication between
CH and the BS by single-hop no matter the distance and the
residual energy of CH impact on network lifetime. Therefore,
it is important to the choice optimal path to reach the BS.
In this paper, we propose an enhanced model based on LEACH
and some improved protocols. It is based on three metrics:
residual energy, distance and multi-hop to achieve the BS.
Our model serves to select CHs according to current energy.
We select a number of nodes with more residual energy to
become CHs in the next round, to avoid low residual energy
nodes turning into CHs and to give nodes with more energy
residual to take part as CH.
A. Set-up phase
CHs are selected according to the current energy. Cluster
formation ends when all nodes in the network join their
corresponding CHs, basing on the received signal from CHs.
B. Steady phase
TDMA (Time Division Multiple Access) schedules are
created by each CH depending on the number of cluster
members and the distance. Every node sends its data in its
TDMA time slot to its CH [10]. Afterwards, we pick the CH
which more residual energy and less distance to the BS as a
root CH.
When clusters, the TDMA schedule, and the root CH are
formed, the normal nodes starting to send the collected data to
the CH. The farthest CHs achieve the root CH using multi-hop
process. The root CH aggregates all data and by single-hop
method sends it to the BS.
The flowchart Fig.3 shows the steps of the proposed model.
Fig. 3. Flowchart of proposed model.
IV. DISCUSSION
The proposed algorithm is based on three routing met-
rics: residual energy, distance, and multi-hop. The proposed
approach intended to improve network lifetime and balance
power consumption based on LEACH and its improved pro-
tocols.
Table.I presents a relative comparison of LEACH based pro-
tocols according to data transmission (single hop to BS or
multi-hop), routing protocol, residual energy, and the distance
to the BS.
TABLE I
RELATIVE COMPARISON OF LEACH BASED PROTOCOLS.
Protocols Data trans-
mission
Routing
type
Residual
energy
Distance
LEACH single hop cluster based no no
V-LEACH single hop cluster based no no
E-LEACH multi-hop cluster based yes no
Energy-LEACH single hop cluster based yes no
Multihop-LEACH multi-hop cluster based no yes
LEACH-TLCH single hop cluster based yes yes
Proposed model multi-hop cluster based yes yes
V. CONCLUSION
The main goal of the current study was to present a
comparative synthesis of the performances of the original
hierarchical routing LEACH protocol and some of their im-
proved algorithms such as E-LEACH, V-LEACH, Energy-
LEACH, Multihop-LEACH, and LEACH-TLCH. The second
aim of this study was to define a new improved LEACH
protocol coming to extend the network lifetime, based mainly
on residual energy, distance to the BS and multi-hop process.
According to our hypothesis, this model is outperforming other
protocols discussed because it is better suited to the constraint
of energy consumption in the WSN.
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